






















































The	purpose	of	 this	Bachelor’s	 thesis	was	 to	study	 the	structural	design	
for	high-rise	residential	buildings.	The	thesis	was	commissioned	by	Pöyry	
Oy	 Infrastructure	 Real	 Estate	 Design	 unit.	 The	 main	 aim	 was	 to	 make	
basic	stability	calculations	based	on	the	main	 loads	of	the	structure	and	
wind	 load	 for	 both	 directions	 of	 a	 25-floor	 height	 building,	 which	 the	







of	 the	 wall	 calculations	 were	 not	 in	 the	 top	 part	 of	 the	 building.	 The	
































































as	 an	 expression	 of	 force	 in	 society.	 A	 new	 approach	 to	 the	 placing	 of	
high-rise	buildings	in	European	cities	was	required	with	medieval	centers	
and	 dominance	 of	 historical	 buildings.	 Then	 model	 of	 concentrated	





the	 high	 price	 of	 land	 designated	 for	 the	 development	 and	 the	 lack	 of	
space	 in	 cities.	 	 That	 is	 why	 high-rise	 building	 construction	 solves	 both	
problems	at	once.	This	construction	approach	allows	us	to	place	on	small	
land	 sites	 significant	 amount	of	 indoor	 area	 to	use,	 as	 for	 flats,	 offices,	
shops,	hotel	apartments,	educational	places	etc.	 	However,	not	only	the	
high	land	price	stimulated	the	rapid	growth	of	that	construction	segment.	
The	 construction	 of	 multi-story	 buildings	 would	 have	 been	 impossible	
without	the	rapid	development	of	building	technologies,	improvement	of	
building	 materials	 and	 constant	 searching	 for	 new	 construction	





It	 should	 be	 noted	 that	 high-rise	 buildings	 are	 complex	 technical	
constructions,	 which	 require	 a	 serious	 approach	 in	 all	 construction	
phases.	 Despite	 architectural	 simplicity	 multi-story	 buildings	 have	
complex	technological	and	space	planning	solutions.	A	high-rise	building	
has	not	only	just	walls,	floors	and	highly	placed	roof,	first	of	all	it	is	a	set	
of	 engineering	 equipment.	 	 Even	 the	 naming	 of	 all	 systems	 found	 in	
modern	 high-rise	 building	 can	 be	 daunting:	 heating,	 ventilation,	 fire	
protection,	 water	 supply,	 sewerage,	 waste	 disposal,	 automation,	 lifting	
equipment	etc.	Moreover,	 these	 systems	have	 their	own	characteristics	
compared	 with	 those	 used	 in	 low-rise	 buildings.	 	 In	 most	 cases,	 it	 is	
required	 to	put	 these	systems	 in	a	building	and	establish	 their	work,	as	
every	 system	 can	 have	 an	 impact	 on	 the	 other.	 Even	 a	 qualitatively	





structure	 itself	 and	all	 engineering	 systems.	 Therefore,	multiple	 sensors	





in	 case	 of	 fire,	 heat	 supply,	 air	 conditioning,	 heating,	 ventilation,	
automation	 and	 control	 systems,	 security	 issues	 and	 psychological	
discomfort.	 It	 requires	 an	 unusual	 approach	 and	 original	 engineering	
solutions	to	manage	all	the	problems	in	the	most	cases.	
	
There	 are	 few	examples	 to	 understand	better	 all	 the	 complexity	 of	 the	
high-rise	 building.	 Traditional	 heating	 and	 water	 supply	 systems	 under	
the	gravity	in	buildings	with	a	height	of	100	meters	have	a	pressure	more	
than	10	atm	on	the	first	floor.		Even	in	the	hundred-meter	building	water	
pressure	 will	 break	 any	 normal	 system.	 But	 gravity	 affects	 equally	 on	
other	 building’s	 life-support	 systems.	 	 Gravity	 affects	 the	 garbage	
disposal	 and	 sewage.	 Speed	 dampers	 should	 be	 installed	 for	 those	
systems	 to	 reduce	 the	 noise.	 The	 gravitational	 force	 should	 also	 be	
considered	 in	 the	 fire	protection	 system.	 	Water	used	 to	extinguish	 the	
fire	 should	 flow	 to	 the	 drainage	 network.	 	 Also	 modern	 apartments	




The	design	and	 installation	of	enclosing	 structures,	engineering	 systems	
and	safety	systems	of	high-rise	buildings	require	special	attention.	All	of	
these	 systems	cannot	be	 installed	without	 specific	 information	 support,	





Those	 buildings	 can	 have	 different	 spheres	 of	 use:	 hotels	 (W	Marriott	
Marquis	 Dubai),	 office	 buildings	 (Metropolitan	 Life	 Insurance	 Company	





There	 are	 many	 countries	 including	 USA,	 which	 has	 a	 significant	
experience	in	structural	design,	construction	process	and	exploitation	of	
high-rise	 buildings.	 One	 of	 the	 first	 high-rise	 building	 was	 Woolworth	
Building	 in	New-York	 (241m/	57	 floors),	which	was	built	more	 than	100	
years	 ago,	 in	 1913.	 For	 a	 long	 time	 the	 highest	 high-rise	 building	 was	





(448	 m	 with	 antenna).	 Later,	 World	 Trade	 Center	 in	 New-York	 (415m,	
417m)	and	Sears	Tower	in	Chicago	(442m)	became	the	highest	buildings.	
However,	 nowadays	 the	 construction	 of	 the	 highest	 skyscrapers	 was	
moved	 to	 the	 East,	 to	 the	 United	 Arab	 Emirates,	 Malasia,	 Taiwan	 and	
China.	
	
Over	 the	 last	 years	 in	 big	 Russian	 cities	 such	 as	 Moscow	 and	 Saint	




which	 distinguishes	 them	 from	ordinary	 buildings.	 	 Firstly,	 if	 the	 height	







seismicity,	 soil	 characteristics,	wind	and	 snow	 loads.	 It	 should	be	noted	
that	 according	 to	 German	 researchers,	 the	 wind	 load	 in	many	 cases	 is	
more	 important	 than	 seismic	 effects.	 One	 of	 the	 highest	 buildings	 of	
today,	 John	 Hancock	 Center	 in	 Chicago	 and	 the	 International	 Financial	
Center	in	Taipei	are	made	on	the	trussed	tube	system,	in	which	the	outer	
perimeter	 walls	 are	 rigidly	 connected	 to	 the	 center	 tube	 and	 further	
strengthened	by	powerful	diagonal	 connections.	All	 the	building,	 in	 this	
case,	works	as	a	rigid,	stiff	console.	
	
To	 reduce	 vibrations	 of	 high-rise	 buildings	 under	 the	 influence	 of	wind	
load,	 nowadays	 suspended	 inert	mass	 is	widely	 used	on	 the	 top	 of	 the	
building.	
	







security	 requirement,	 which	 should	 ensure	 useful	 evacuation	 ways	 in	
crisis	 situations,	 fire	 and	 anti-terrorist	 attacks.	 Also,	 reliable	monitoring	








Various	 loadbearing	 frames	 can	 be	 found	 for	 high-story	 buildings.	 The	
best	system	is	chosen	according	to	different	factors,	such	as	the	height	of	
the	building,	architectural	design	and	location.	The	higher	a	house	is,	the	
more	 different	 constructions	 are	 needed	 to	 manage	 all	 the	 horizontal	












system	with	 columns	 and	 slabs	 has	 its	 effective	 height	 up	 to	 about	 10	
levels.	A	shear	wall	frame	system	is	shown	below	in	Figure	1.		Shear	walls	
have	 to	 be	 coupled	 by	 setting	 beams	 between	 the	 shear	 walls,	 as	 is	
shown	 in	Figure	2.	 It	 is	a	very	efficient	way	 to	enlarge	 the	resistance	of	















Rigid	 frames	 suit	 mostly	 for	 low-height	 buildings.	 A	 rigid	 frame	 is	 a	
structure	 of	 columns	 and	 beams	 with	 a	 connection,	 which	 resist	 the	
moments.	 A	 rigid	 frame	 system	 is	 shown	 in	 Figure	 3.	 It	 manages	
horizontal	loads	by	bending	resistance	of	the	whole	structure	(beams	and	
columns).	 The	 sizes	 of	 columns	 are	 mostly	 controlled	 by	 the	 bending	
resistance,	not	by	loading	capacity,	during	designing	phase	with	moment	
resisting	 frames.	 To	 reduce	 the	horizontal	 load	deflection	 a	 component	






maximum	height	 for	 steel	 is	almost	30	 floors,	while	concrete	 structures	
can	 be	 just	 20	 floors.	 If	 there	 is	 a	 building	 with	more	 than	 30	 stories,	
there	 can	be	a	 risk	of	 a	big	horizontal	 deflection,	because	of	wind	 load	
and	 seismic	 activity.	 Also,	 connection	 structures	 in	 this	 case	 are	 too	
complex	and	expensive	in	order	to	resist	big	moments.		
	

















An	 outrigger	 system	 can	 be	 added	 to	 the	 core	 to	 raise	 its	 bending	
resistance.	 	 The	 outrigger	 system	 consists	 of	 high	 stiff	 floors	 in	 the	
construction.	 	 Outriggers	 are	 connected	 to	 columns,	 which	 are	 placed	
along	 the	 perimeter	 to	 the	 ground.	 	 When	 the	 wind	 load	 acts	 on	 the	
structure,	exterior	columns	reduce	the	moment	for	the	core.	Also,	there	
are	belt	walls	which	resist	the	rotation	of	outriggers.	Belt	trusses	or	walls	
are	placed	on	 the	perimeter	of	 the	outrigger	 floor.	 The	 core	 resists	 the	














Sometimes	diagonal	 braces	 in	 a	 rigid	 structure	 are	 settled	 to	make	 this	
rigid	frame	stronger.	Bracing	systems	are	placed	inside	the	frame	system	
to	 manage	 horizontal	 forces;	 namely,	 it	 decreases	 the	 bending	 of	
columns	and	girders.	This	system	is	much	more	economical	than	frames	
with	 the	 moment	 resistance.	 	 Braced	 frames	 are	 often	 placed	 in	 the	
building	 core.	 	 The	 braced	 frame	 system	 is	 efficient	 up	 to	 40	 story	
buildings.	 	 Two	 types	 of	 bracing	 system	 frames	 are	 defined:	 eccentric	
braced	frames	and	concentric	braced	frames.	The	concentric	brace	frame	
includes	bracing	elements	crossing	 in	 the	same	point.	As	 the	concentric	
brace	 frame	 is	 stiff	 and	 has	 a	 very	 poor	 inelastic	 behavior,	 it	 is	 not	
appropriate	 for	 seismic	 zones.	 	Whereas	 in	 seismic	 zones	 it	 is	 better	 to	
have	an	eccentric	bracing	system	frame,	as	it	is	stiff,	strong	and	has	high	




















are	 truss	systems	which	are	placed	 in	a	special	 sequence	on	each	 floor.	
This	 type	 of	 frame	 is	 illustrated	 in	 Figure	 7.	 Those	 trusses	 resist	 the	









A	 tubular	 system	 is	 used	 for	buildings	of	up	 to	60	 floors	 in	height.	 This	
structure	has	tubes	around	the	perimeter	of	construction,	which	take	all	












structure	will	 be	 called	an	exterior	diagonal	 tube	 system.	 It	 is	 shown	 in	
Figure	9.	This	type	of	frame	is	effective	up	to	100	floors.		
	











A	 tube-in-tube	 system	 is	 obtained,	 if	 the	 core	 is	 placed	 inside	 the	 tube	











- Dead	 load.	 	 It	 includes	 the	 self	weight	 of	 the	whole	 structure	 (load	













In	accordance	with	EC	1991-1-1,	6.2.2(2)	 the	 reduction	 factor	an	 for	 the	
live	 load	 in	 the	multiple	story	building	should	be	determined	within	 the	
formula	below.	
	
	 	 	 	 							(1)	
where:	




Reduction	 factor	 can	 also	 be	 calculated	 with	 the	 use	 of	 the	 area	
according	to	EN	1991-1-1	chapter	6.3.1.2(10).		ab	can	be	calculated	within	
the	formula	below.	
	 	 	 	 							(2)












statically	 and	 dynamically.	 While	 tall	 buildings	 have	 to	 consider	 both	
parts	of	 it,	 as	dynamic	part	 is	 in	 charge	of	 the	dynamic	nature	of	wind,	
and	the	static	affects	just	as	distributed	horizontal	load	of	the	wind.	The	
reference	peak	velocity	qp	the	dynamic	and	static	parts	with	the	help	of	Iv		


























	 	 	 							(6)	
cr(z)	–	roughness	factor	
	 	 	 	 							(7)	
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The	main	 part	 of	 the	 project	 consists	 of	 calculation	 of	 basic	 loads	 and	
wind	 load	for	 the	25	story	high-rise	building.	 	Calculations	are	based	on	
Euro-Codes.	
4.1 A	structural	system	of	residential	buildings	
Residential	 buildings	 in	 Finland	 usually	 consist	 of	 reinforced	 concrete	
walls	(shear	wall	system).		
	










Cast-in-situ	 slab	 floors	 are	 stabilized	 by	 means	 of	 peripheral	
reinforcement	 around	 the	 whole	 floor.	 The	 resulting	 plates	 transmit	





vertical	 load	 bearing	 capacity	 for	 buildings	 up	 to	 8	 stories.	 In	 our	 case	
250mm,	 275mm,	 300mm,	 400mm	 wall	 thickness	 was	 selected	 for	 the	
load-bearing	capacity	for	all	the	building	from	the	3rd	to	25th	floor.	
	
Usually,	 the	 minimum	 internal	 wall	 thicknesses	 are	 200	 mm	 for	 a	
loadbearing	structure	and	80	mm	for	non-loadbearing	walls.	
	
This	 system	 is	 vertically	 stabilized	 by	 walls,	 which	 work	 as	 fixed-based	
cantilever	columns.	
	
If	 necessary	 the	 wall	 elements	 can	 be	 combined	 by	 means	 of	 vertical	







wall	 sections	 are	 completely	 compressed	 throughout.	 If	 tensile	 stresses	
arise	 in	 the	 walls	 due	 to	 the	 action	 of	 horizontal	 forces,	 vertical	
reinforcement	 extending	 from	 one	 wall	 element	 to	 the	 next	 must	 be	
installed,	 usually	 in	 the	 form	of	 ordinary	 deformed	 steel	 reinforcement	
bars.	 If	 the	 tensile	 forces	 are	 high,	 the	 elements	 can	 be	 connected	
together	by	means	of	prestressing	tendons.	
	
Bearing	 walls	 can	 be	 erected	 either	 parallel	 or	 transverse	 to	 the	
longitudinal	axis	of	the	building.	
4.4 Example	building	
Drawings	of	 the	example	building	 can	be	 found	 in	Figure	11	and	Figure	
12.	






















































g8=12	kN/m	 	 	 *	internal	layer	80	mm	concrete	





















Fw=	cs*cd*cf*qp(n)*Aref		 	 	 	 					(12)	
	






























































































































the	 vertical	 loadbearing	 structures.	 Additional	 horizontal	 loads	 act	 on	
each	floor	at	the	points	of	horizontal	load	action.	
	
Ɵi	=	αn*	αm*	Ɵ0	 	 	 	 								(27)	
	
Ɵ0	=	1/200	 	 	 	 	 								(28)	
	
















































































































































































































































The	 wall	 with	 the	 total	 length	 of	 17,5m	 was	 taken	 into	 consideration.	
Floors,	which	were	taken	in	those	calculations,	are	3-25.	However	it	was	





































a	–	distance	 from	the	edge	of	wall	 side	 to	middle	point	of	compression	
area	(Figure	18).	
e	 –	 distance	 from	 the	middle	 point	 of	 compression	 area	 to	 the	 vertical	
load	(Figure	18).	
	





















































































































































































































































































































































































































































































































































All	 of	 the	 calculation	 materials	 were	 taken	 from	 Eurocodes,	 the	
supervisor’s	project	materials	and	the	company’s	materials.	The	stability	
calculations	were	done	by	hand	with	 the	help	of	 the	Excel	 tables.	Also,	
special	construction	programs	for	the	calculation	of	the	main	loads	were	
not	used	 for	 this	 thesis.	 Formulas	and	coefficients	were	 taken	 from	the	
Finnish	Eurocode	and	 calculations	were	 constantly	monitored	by	HAMK	
supervisor	 (Tapio	 Korkeamäki)	 and	 Pöyry	 Oy	 supervisors	 (Aleksi	
Pöyhönen,	Ville	Virnes).	
	
The	 calculation	process	was	done	 four	 times.	As	 the	project	was	 in	 the	
designing	 phase	 there	 were	 a	 lot	 of	 structural	 changes.	 Different	 wall	
sizes	 and	 the	 location	 of	 loadbearing	 walls	 required	 different	 stability	
calculations	each	time.	The	calculations	were	made	manually.	Something	





All	of	 the	calculations	were	done	 for	 the	walls	 in	X	and	Y	directions.	As	
the	 structural	 calculations	 are	 complicated	 for	 that	 type	 of	 building,	 all	
the	 loadbearing	and	nonloadbearing	walls	were	taken	without	door	and	
window	openings	 to	 simplify	 the	 calculation	process.	 To	be	on	 the	 safe	
side,	 the	 biggest	 horizontal	 load	 for	 each	 building	 side	 was	 taken	 into	
consideration.	 The	 wind	 load	 for	 the	 roof	 level	 was	 taken	 for	 the	
calculation	for	the	whole	structure.	Also,	the	vertical	load	was	minimized	
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